Modifications of cell-wall polysaccharides during stipe elongation in Coprinus cinereus were investigated by gel-filtration and Smith-degradation analyses. During stipe elongation two polysaccharide fractions (I and IVa) decreased in average molecular weight, whereas two other fractions (I1 and 111) increased marginally in molecular weight. The decreases in molecular weight of the former fractions were accompanied by changes in glycosidic linkage composition. Glucans comprised the bulk of all fractions ; additionally there was an appreciable contribution from mannose and xylose in fraction 11. The results are discussed in relation to the mechanisms of stipe elongation.
INTRODUCTION
Stipe elongation during basidiocarp maturation in Coprinus cinereus is due to the elongation of component cells (Kamada & Takemaru, 1977a) , and thus offers a useful system for clarifying the mechanisms of hyphal cell elongation. In C. cinereus the mechanical properties of the stipe cell wall change in parallel with the rate of stipe elongation (Kamada & Takemaru, 1977a) , suggesting that the structure of the stipe cell wall is modified during elongation. Changes in polysaccharide composition have indeed been observed (Kamada & Takemaru, 1977 b) , the content of chitin increasing as the stipe elongates (Gooday, 1975) .
Recently, wall-bound lytic enzymes have been shown to be involved in the cell-wall metabolism in the C. cinereus stipe (Kamada et al., 1980 (Kamada et al., , 1982 . The lytic enzymes are assumed to modify the component polysaccharides as well as altering the prop6rtional composition of the cell-wall polymers during stipe elongation. Information about the presumed modification of the cell-wall polysaccharides is lacking, although the structures of cell-wall polysaccharides in C. cinereus have been investigated (Schaefer, 1977; Bottom & Siehr, 1979 , 1980 . The object of the present study was to examine the presumed modification of the cell-wall polysaccharides of the C. cinereus stipe during elongation.
at 4 "C for 5 d. Bottom & Siehr (1979) have shown that the oxidation of the cell-wall polysaccharides of C. cinereus is completed under these conditions. The oxidized polysaccharide was reduced with NaBH, and hydrolysed with 0-25 M-H,SO, at 100 "C for 8 h according to Misaki et al. (1974) . The hydrolysate was neutralized with BaCO,, and after the removal of BaSO, the sugars in the hydrolysate were reduced to their corresponding alditols with NaBH,. The mixture of polyalcohols was acetylated according to the method of Misaki et al. (1974) and analysed by gas chromatography.
Gas chromatography. Gas chromatography was carried out with a Hitachi 163 gas chromatograph, using a glass column (3 mm x 2 m) packed with a mixture of 0.2% ethylene glycol succinate, 0.2% ethylene glycol adipate and 1.4% silicone XE-60 (Griggs et al., 1971) on Chromosorb W Aw DMCS. Alditol acetate derivatives of the sugars obtained by the HC1 hydrolysis were separated on a temperature gradient of 150-205 "C, programmed to rise at a rate of 1 "C min-I. Acetylated Smith degradation products were separated on a temperature gradient of 85-205 "C, programmed to rise at a rate of 5 "C min-I .
Chemical assay. Total carbohydrate content was determined with the anthrone reagent (Fairbairn, 1953) , using glucose as standard.
RESULTS

Stipe elongation
Under the culture conditions described in Methods, stipe elongation during basidiocarp maturation proceeds in a synchronous manner (Kamada & Takemaru, 1977~) . The elongation rate of the middle zone of the stipe increased up to 15 h after the start of illumination on the day of maturation and then decreased rapidly. Elongation ceased by 21 h after the start of illumination.
Polysaccharide composition of the stipe cell wall The cell-wall polysaccharides other than chitin were fractionated as described in Methods, and the polysaccharide contents of the respective fractions were followed during stipe elongation (Fig. 1) . The contents in fractions I, I1 and 111 during elongation were consistent with previous results (Kamada & Takemaru, 19773 polysaccharide from the alkali-insoluble residue of the cell wall, and the subsequent treatment with 40% (w/v) NaOH at 100 "C extracted the majority of the polysaccharide from the residue. Both the contents in fractions IVa and IVb were approximately half of the content of 40% NaOH-soluble polysaccharide.
Molecular weight distribution of the cell-wall polysaccharides
The molecular weight distributions of the polysaccharides in the five fractions were examined by gel filtration. Fractions I and IVa, with relatively smaller molecular weights, and fractions 11, 111 and IVb, with larger molecular weights, were chromatographed on Sepharose CL-6B and Sepharose CL-2B, respectively (Fig. 2 ). All the fractions except fraction I had a single major peak. There appeared to be at least two peaks for fraction I. As the stipe elongated, the average molecular weights of fractions I and IVa clearly decreased, whereas those of fractions I1 and 111 appeared to increase slightly. The molecular weight distribution of fraction IVb did not change.
Sugar composition of the cell-wall polysaccharides Gas chromatography of the hydrolysates of the polysaccharides revealed that the major component of fractions I, 111, IVa and IVb was glucose, with trace (< 1 %) amounts of rhamnose, arabinose, xylose, mannose and galactose. Fraction I1 contained, in addition to glucose, substantial amounts of mannose and xylose, both of which decreased in quantity as the stipe elongated (Fig. 3) . The molar ratio of mannose to xylose (approx. 6 : 1) was constant during elongation. The polysaccharide in fraction I1 was fractionated on a Sepharose CL-2B column, and the sugar composition of each fraction was determined. Xylose and mannose were eluted in the same position, but glucose was eluted earlier (Fig. 4) . These results suggest that fraction I1 consists of glucan and xylomannan. Xylomannan has been suggested as a component of the alkali-soluble cell-wall fraction of C . cinereus (Bottom & Siehr, 1979) , and demonstrated in the cell walls of two other basidiomycetes, Polyporus tumulosus (Ralph & Bender, 1965 
Glycosidic linkage composition of the cell-wall polysaccharides
Cell-wall polysaccharides other than chitin in C. cinereus have been shown to contain p-( 1-+3), P-(l+6) and ~( 1 -4 ) linkages (Bottom & Siehr, 1979 , 1980 . To study the glycosidic linkage compositions of the five polysaccharide fractions and their changes during stipe elongation, the polysaccharides from stipes at various stages of elongation were subjected to Smith degradation, and the products were analysed (Fig. 5) . The degradation of (1+3)-, ( 1 4 ) -and (1+6)-linked glucose residues within a polysaccharide liberates glucose, erythritol and glycerol, respectively; the non-reducing end of the polymer also liberates glycerol. Smith degradation of fraction I, which is primarily glucan, yielded glucose, erythritol and glycerol. As the stipe elongated, the proportion of erythritol greatly decreased, whereas those of glucose and glycerol increased. This suggests that the polysaccharide contains (1+3), ( 1 4 ) and (1-4) linkages, and that the proportion of ( 1 4 ) linkages decreases as stipe elongation proceeds. In the degradation products of fraction 11, glucose and mannose were recovered in substantially the same proportion as in the hydrolysate of the polysaccharide without periodate treatment (also see Fig. 3 ), and only a small amount of glycerol and a trace of erythritol were detected. This suggests that both glucose and mannose are mainly (1+3) linked. The glycosidic linkage of xylose could not be determined, because the xylose content of the fraction was too small. Fraction I11 and fraction IVb polysaccharides, both of which are glucans, appeared to contain large proportions of (1+3) and (1-6) linkages and a trace of (1-4) linkage. The ratios of (1-3) to ( 1 4 ) linkages in the polysaccharides were substantially constant during stipe elongation. Fraction IVa polysaccharide appeared to contain (1+3) and (1-6) linkages, and the ratio of (1+3) to (1-6) linkages gradually increased during stipe elongation. IVb (e) were subjected to Smith degradation, and the respective products were analysed by gas chromatography, as described in Methods. 0, glucose; 0 , glycerol; 0, erythritol; B, mannose. The abscissas show hours after the start of illumination on the day of basidiocarp maturation.
T. K A M A D A A N D T . T A K E M A R U DISCUSSION
The stipe cell wall in C. cinereus seems different in glycosidic linkage composition from the cell wall of vegetative mycelium. One of the two alkali-soluble fractions from the stipe cell wall (fraction 11) contained a mainly (1+3)-1inked glucan and another (fraction 111) was primarily a glucan mainly containing (1'3) and (1-+6) linkages (Fig. 5) . In contrast, an alkali-soluble polysaccharide from the cell walls of dikaryotic mycelium has been reported to contain p-( 1'3)-linked glucose units with 14% of the sugars having p-(1-+6)-linked branch points (Schaefer, 1977) , and the polysaccharide from monokaryotic mycelium contains a large proportion of a-(14)-linked glucose residues (Bottom & Siehr, 1979) . The glucan from the alkali-insoluble residue of the stipe cell walls also differs in structure from that of monokaryotic mycelium in that the latter contains a large proportion of ~ ( 1 4 ) linkages (Bottom & Siehr, 1980) . These differences are probably a reflection of the cell-wall differentiation associated with developmental phases, as pointed out by Marchant (1978) , though differences in strains used and/or the procedure adopted for polysaccharide preparation may also have been responsible.
The present study shows that in fractions I and IVa the proportions of ( 1 4 ) and (1-6) linkages, respectively, decrease during stipe elongation (Fig. 5) . Wall-lytic enzymes could be involved in the changes in glycosidic linkage composition, because both polysaccharides decrease in molecular weight during stipe elongation (Fig. 2) . Since fraction I is heterogeneous (Fig. 2) , it is not known whether the modification of fraction I polysaccharide is due to the preferential cleavage of ( 1 4 ) linkages within a glucan or to the preferential degradation of some component polysaccharide which contains a high proportion of (1+4) linkages. On the other hand, fraction IVa polysaccharide appears to be relatively homogeneous (Fig. 2) , and thus its modification may be due to the preferential cleavage of (1'6) linkages within the glucan. Further analyses are required to understand the precise mode of the polysaccharide modification.
The mechanical properties of the stipe cell wall in C. cinereus change in parallel with the rate of stipe elongation (Kamada & Takemaru, 1977a) . The cleavage of (1+6) linkages in fraction IVa polysaccharide may be related to these changes, since fraction IVa polysaccharide is assumed to be chemically linked to chitin filaments (Sietsma & Wessels, 1979) , which are a skeletal component and lie predominantly transversely in the stipe cell wall (Gooday, 1975) . Bartnicki-Garcia (1973) proposed a model in which cell-wall lytic enzymes are suggested to attack a skeletal component by splitting either inter-or intramolecular bonds during cell-wall growth. Wessels (1 969) previously suggested that R-glucanase in the basidiomycete Schizophyllum commune, which is classified as a p-( 1-6) glucanase, plays an important role as an initiator of wall softening by the lysis of alkali-resistant cell-wall /3-glucans. Analyses in progress on mutants of C . cinereus with defective stipe elongation may further our understanding of the role of polysaccharide modifications in the mechanism of stipe elongation. Chemistry and Industry 72, 86.
